SUMMARY -Numerous adverse factors are acting in the prenatal, perinatal and postnatal period of life and may be the cause of later mild or severe deviations from normal psychomotor development. Th erefore, it is crucial to identify infants with neurological risk factors and infants that already have a delay from orderly development, in order to immediately initiate the rehabilitation process. Th e aim of this study was to determine whether there is diff erence in the assessment of psychomotor development in neurological risk children based on the psychomotor development test (Croatian, Razvoj psihomotorike, RPM test) and clinical evaluation of neuromotor development. RPM test is designed for rough estimate of psychomotor development in children in the fi rst two years of life. Th e study included 15 full term children (8 male and 7 female) with clinical diagnosis of mild paraparesis and mild deviation from normal psychological and social development, and 15 full term children (8 male and 7 female) without neurological risk factors and deviations from normal psychomotor development, all at the age of 12-24 months. Of the 15 children diagnosed with mild paraparesis, none had delayed psychomotor development, 6.7% had suspect development and 93.3% had normal development on RPM test. All children in the control group had normal development on RPM test. According to the results, the RPM test is not sensitive enough to detect mild neurodevelopmental disorders.
Introduction
Child psychomotor development and factors affecting it today are the subject of interest of many studies, in particular by the experts involved in the protection and improvement of children's health. During the past 15 years, studies were mostly based on the preschool children, schoolchildren and adolescents, or on predicting mental and motor development of infants according to the milestones, or on the evaluation of the quality of spontaneous motility by screening tests or neurological examination. Milestones are certain behaviors and skills that are important for each developmental age and were obtained by observing and monitoring mental and motor development in a large number of children. Th e most commonly used milestones were fi rst smile to the mother, self-seating, fi rst words, independent walking, etc., and data on the age of their occurrence are usually given by parents according to their memory. International literature data yield a multitude of screening tests such as Ages and Stages Questionnaire (ASQ), Kent Inventory of Developmental Skills (KIDS), Denver Developmental Screening Test II (DDST-II), Bayley Infant Neurodevelopmental Screener (BINS), Early Screening Inventory-Revised (ESI-4), and others 1 . Screening tests in-volve the use of toys, ball, pens, paper, or other materials to display the child's skills and behaviors. In Croatia, a screening test for rough estimate of psychomotor development in full term children in the fi rst two years of life (Croatian, Razvoj psihomotorike, RPM test) was constructed by Nevenka Čuturić, psychologist, in 1976 2 . At the time, physiatrists did not participate in the creation of that test.
Optimal mental and physical development is equally important for subsequent independent life. While physical development can be measured by body height, body weight, head circumference, etc., there is no instrument to measure mental development of the child at an early age, and it is assessed and monitored via appearance of specifi c activities. Prechtl and coworkers have developed a technique based on the quality of general movements, estimated by video observation, as a diagnostic tool for early detection of brain dysfunction 3, 4 . General movements include complex movement forms of the head, trunk, arms and legs, which predict neurological outcome over 2 years, especially in children with cerebral palsy 5 . Th ese movements can be observed in fetuses from the 9 th week of gestational age until the end of the second month post term 6 . Normal general movements involve the whole body and may last from a few seconds to a few minutes or even longer. Th ey have their trajectories, intensity, force, speed, gradual beginning and end, and when some components like fl exion, extension or rotations are added, they become fl uent and elegant with impression of complexity and variability 3 . During term and fi rst post term age, general movements are characterized by slow to moderate amplitude and speed, being elliptical in form and with the impression of a writhing character and therefore are called writhing movements 7 . Th ere are 3 types of general movements in children described during preterm, term and in the fi rst 2 months post term: 1) poor repertoire of general movements -monotonous movements, movements of diff erent body parts do not appear in the complex way as seen in normal general movements 8, 9 ; 2) cramped -synchronized general movementsrigid movements with lack of normal smooth and fl uent character, limb and trunk muscles contract and relax almost simultaneously 8, 9 ; and 3) chaotic general movements -large amplitude of movements of all limbs, and appear in chaotic order without any fl uency or smoothness 10 .
General movements of normal infants from 6 to 9 weeks post term change from writhing to fi dgety movements, which are characterized by circular movements of small amplitude, moderate speed and variable acceleration in all directions 4 . Fidgety movements can be characterized as absent if never observed from 6 to 20 weeks post term, or abnormal if their amplitude, speed and jerkiness are exaggerated 9 . General movements usually disappear at the age of 3 to 4 months post term and after that the quality of spontaneous movement is judged by standard neurological examination. Apart from the quality of general movements, standard neurological examination from the birth might be used, but some studies showed that general movement observation had better sensitivity and specifi city values than neurological examination as a prognostic value for the neurological outcome within 2 years 11 . Infantile neurological functions from 6 weeks to 4.5 months post term are visual orientation, fi xing and following objects, and reaction to sound, vocalization, smile and interaction with familiar person. During this period, most of the primitive refl exes disappear and postural reactions occur such as head control and active fl exion of upper and lower limbs, while hand is preparing for catching. In the period from 5 to 12 months post term, neurological functions are goal directed voluntary catching, radio palmar and pincers grasp, and transferring toys from one hand to another. Postural control and sliding position are developed such as support to the extended arm, open palms, position on all fours, sitting, kneeling, crawling, standing and rotating. Th en, communication and speech develop, i.e. fi rst meaningful syllables, imitation of familiar syllables, recognizing familiar persons, and performing simple tasks, e.g., come here, give me, leave it, etc. 12 . At the beginning of the second year, most children walk independently, initially on a large scale and later walk becomes more agile. At 18 months, most children can climb the stairs one by one, and at 20 months going the same way downstairs, jumping with both feet and throwing the ball. At the time, children are familiar with parts of the body, compose simple sentences and begin to express needs, imitate their parents and strive for the greatest possible independence. It is extremely important to know the normal mental and motor development of the child in order to determine deviations that can range from mild such as slow development to extremely severe such as cerebral palsy or mental retardation. Serious discrepancies already manifest in infancy, while milder ones usually manifest after the fi rst year 13 . Brain plasticity is a unique neurobiological process limited to the perinatal period and infancy, and it is assumed that neurodevelopmental outcome after perinatal damage depends on the interaction of the existing brain damage and compensation process of maturation and brain plasticity 14, 15 . Timely detection of developmental deviations and application of rehabilitation procedures can stimulate the processes of brain plasticity and contribute to recovery of the damaged function 15, 16 . Th e aim of this study was to determine whether there is diff erence in the assessment of psychomotor development in neurological risk children between the test assessing psychomotor development (RPM test) and clinical evaluation of neuromotor development by the child's physiatrist, as well as to compare the RPM test results between the neurological risk and healthy children with no known neurological risk factors and deviations from normal psychomotor development.
Patients and Methods
Th is pilot study conducted from January 2015 to June 2016 included 30 full term (38-42 weeks) children (16 male and 14 female) aged 12 to 24 months. Th e fi rst group of 15 children had undergone some form of rehabilitation at the Department of Pediatric Rehabilitation, University Department of Rheumatology, Physical Medicine and Rehabilitation, Sestre milosrdnice University Hospital Center, Zagreb, because they had deviations from normal psychomotor development. All these children started rehabilitation before the 4 th month of life and all had cranial ultrasound abnormalities and intraventricular hemorrhage stage I or II. Th erefore, they were classifi ed as children with low neurological risk. Besides ultrasound fi ndings, deviations from normal psychomotor development such as mild abnormalities were identifi ed by the child physiatrist examination consisting of Prechtl's method and classical neurological examination, neuropediatrician and psychologist examination. All these children are now at the age of 12-24 months and have a diagnosis of mild paraparesis. Th ese children also have some impairment of psychological or social development and have been regularly followed-up by speech therapist at the Department.
Th e following questionnaires were used: RPM questionnaire (50 items) -rough estimate of the psychomotor development of full term children in the fi rst two years of life; monograph of psychomotor development in the fi rst two years of life²; and instructions for performing and scoring RPM screening test. RPM test is performed by physiatrists and nurses employed at the Department of Pediatric Rehabilitation, Clinical Department of Rheumatology, previously trained in proper performance of the test. To conduct the RPM test we used rattle, paper napkins, cubes, mug, pen and paper, picture book, and ball. After being used, all these objects are cleaned with medical alcohol and a clean paper napkin is used in each child. Testing is always performed by the same procedure for a particular age with the manual and questionnaire. During the test, the mother was always present with the child and there was no other person in the room except for the mother, the child and the examiner. Prior to testing, mothers were familiarized with the protocol but not with the ultimate goal of the study. Th e testing started upon the mother's agreement for participation. Th e research was conducted in accordance with ethical principles.
Inclusion criteria for the study were chronological age of full term (38-42 weeks) children aged 12 to 24 months; cranial ultrasound abnormalities such as intraventricular hemorrhage stage I or II; diagnosis of mild paraparesis; and some impairment of psychological or social development. All study children were free from serious disease in the last two weeks (fever, and respiratory or gastrointestinal system infections). On the day of testing, the child was not exposed to any other preventive examinations, weight measuring or vaccination. Children who did not meet the above criteria were not included in the study.
General information about the child and the parents were given by the mother. Th en, testing using the RPM questionnaire was done. Th is questionnaire includes 7 units of milestones and 24 units related to rough estimate of psychomotor development and grouped according to the child's chronological age of 3-24 months. According to the child's chronological age 3, 6, 9, 12, 18 or 24 months, there are 6 groups, each containing four items pertaining to the child's behavior. Each item is scored with a '+', '+/-' or '-' on the basis of behavior the child shows during the test. Th ree additional items within each group include questions to the mother. We were focused on the three groups corresponding to chronological age of the examined child (12 to 24 months). At the end of the questionnaire is a group of questions related to milestones according to which the mother can determine the age when she fi rst noticed the child's specifi c behavior. Regardless of the chronological age of the child, items 1 and 2 examine development of motor skills, 3 and 4 development of sensorimotor skills, 5 and 6 development of cooperation with the environment, and item 7 development of speech.
Individual child's behavior was marked by '+', behavior uncertain by '+/-', and non-existing behavior by '-'. We marked only one answer for a particular behavior.
After the testing had been completed we added up all signs in the provided space. Rough estimate of the development, based on the results for a given chronological age, is classifi ed into 3 groups: 1) good (D) -the child shows most behaviors for a particular age, or has 4 or more behaviors marked by '+'. Two uncertain behaviors marked by '+/-' are marked by '+'; 2) suspect (S) -the child has 2 or 3 behaviors marked by '+ 'or 2 behaviors '+' and 2 behaviors '+/-' or 7 uncertain behaviors '+/-'; and 3) slow (U) -the child has one or none behavior marked by '+'. Mother's answers to questions from the group called milestones are recorded in the form of months when the mother fi rst noticed a particular child's behavior. Th ese responses were compared with the timeframe occurrence of a particular behavior in the majority and in all children (frames of child's age for a particular behavior are listed in the instructions).
Th e second, control, group of 15 full term children aged 12-24 months included children with no known neurological risk factors and deviations from normal psychomotor development. Th ese children were tested by pediatricians at pediatric clinic of the Pakrac Health Center, in the same manner as described for the fi rst group children and using the same RPM screening test.
Statistical analysis based on descriptive statistics, frequencies and percentages was performed by use of the Statistical Package for Social Sciences 13.0 (SPSS 13.0).
Results
Based on the RPM screening test, out of the 15 children diagnosed with mild paraparesis and some impairment of psychological or social development, only one (6.7%) child had suspect (S) result and 14 (93.3%) children had good results (D). All control group children with no deviations from normal psychomotor development had good result (D) (Fig. 1) .
Detailed analysis of the RPM questionnaire for the children diagnosed with mild paraparesis by the items ranging from 1 to 7 or 4 groups of behavior (motor skills -2, sensorimotor skills -2, cooperation with the environment -2 and speech -1) showed some deviations from normal development, although the overall result for 14 of 15 children was good. In this group of 15 children, 13.3% had some deviations in motor skills, 20% in sensorimotor skills, 6.7% in cooperation with the environment and 13.3% in speech. Analysis of the control group children revealed no abnormalities (Fig. 2) .
In the end, the two groups were compared according to the number of deviations from the proper framework of milestones. Excellent result (no deviations) was recorded in only 6.7% of children with mild paraparesis versus 33.3% of children without deviations from normal psychomotor development. One to three deviations had 66.7% of children with mild paraparesis and 53.3% of children with no deviations from normal psychomotor development. Four and more deviations had 26.7% of children with mild paraparesis Fig. 1 . Comparison of RPM test results between the two groups of children. and 13.3% of children with no deviations from normal psychomotor development (Fig. 3) .
Discussion
Numerous studies show that 10%-15% of live born babies belong to the group of children with neurological risk. Eighty percent of these children show normal development, whereas twenty percent exhibit short-or long-term disabilities manifested in the early childhood 17 . Early detection and monitoring of children with neurological risk is one of the longest applied methods for the detection of neurodevelopmental disorders in children. Children with neurological risk can be divided into two groups with high and low neurological risk. Th is division is based on the criteria such as the number of risk factors in medical history, clinical risk factors, and fi ndings of intracranial ultrasound. Abnormal pregnancies and deliveries are frequent causes of prematurity, perinatal asphyxia and birth trauma with intracranial hemorrhage that can lead to various degrees of brain damage and subsequent developmental disorders 18 . Children with high neurological risk have more than two risk factors in medical history, with clinical risk factors such as the syndrome of irritation, apathy, spasticity or dystonia, clearly abnormal general movements, premature infants with cystic periventricular leukomalacia, full-term infants with subcortical leukomalacia, infants with intraventricular hemorrhage stage IV and complicated stage III, or infants with perinatal infarction. Children with low neurological risk have less than two risk factors in medical history, with the syndrome of dystonia, mild abnormal general movements, and infants with ultrasound fi ndings of uncomplicated hemorrhage, subependymal hemorrhage, and intraventricular hemorrhage stage I to III 19 . Neurological monitoring of children after the age of two years showed that 70% of children from the group with high neurological risk had serious neurological consequences and 10% of children from the group with low neurological risk had mild neurodevelopmental disorders 20 . Clinical evaluation that includes classical neurological examination and examination by Prechtl (based on the evaluation of the quality of general movements) is a method that allows early detection of children with neurodevelopmental disorders.
Th e RPM questionnaire, known in Croatia as a screening test for full-term children in the fi rst two years of life, was designed as a screening test for rough estimate of psychomotor development of these children. Its purpose is to help healthcare professionals timely respond with appropriate therapy in children with deviations from normal psychomotor development. Th is screening test or method of evaluation involves the use of diff erent objects such as toys, picture books, pens, etc., so that the child can show particular behavior or skill. Th e staff conducting the screening test should be educated and the test should be always carried out in the presence of parents. Screening test is not a diagnostic instrument but a tool designed to roughly sort out children that need further psychological and medical treatment.
As in the present study, the RPM test performed in children diagnosed with mild paraparesis showed only one suspect result (S) and 14 good results (D), it seems that it is not sensitive enough to detect mild neurodevelopmental disorders. However, when detailed analysis of the RPM questionnaire between the two groups of children was performed, the test showed discrepancies in the results between the children with mild paraparesis and those with no deviations from normal psychomotor development.
Conclusion
Based on our results, the RPM test is not sensitive enough to detect mild neurodevelopmental disorders when fi nal results were calculated, but some could have been detected upon detailed analysis. Both severe and mild deviations from normal psychomotor development are conditions that require early detection and early inclusion in the rehabilitation process, which can speed up recovery and minimize damage owing to brain plasticity. However, it is advisable to use all tools and methods available to detect deviations as early as possible and to rehabilitate the child successfully. And the last but not the least, we need a new tool to assess neuromotor development, developed by educated experts such as child physiatrists, so as not to overlook the smallest deviations from normal neuromotor development.
